Objectives: HPV is known to play a key role in the growth and maintenance of cervical cancer. Its early genes E6 and E7 can activate several intracellular signal pathways for carcinogenesis. Studies have shown that in vitro knockdown of E6 and E7 can reduce the survival ability of cervical cancer cell lines. In this study, we tested the effect of a lentiviral shRNA against E6/E7 on the tumor growth of xenografted cervical cancer HeLa cells.
Introduction
Human papillomavirus (HPV) has been identified as a major cause of cervical cancer and is responsible for 99% cases of the disease [1] . Although there are more than 200 types of HPVs, only 12 high risk types cause cancers with HPV16 and HPV18 primarily responsible for cervical cancer [2] . Without HPV infection, the risk of cervical cancer is very low.
Preventive vaccines against HPV risk types have been demonstrated to be very effective in preventing HPV-caused cervical cancer [3] [4] . However, these vaccines are not effective as a treatment for the disease. Therefore, there is still an urgent need to find an effective approach to eliminate existing HPVs or HPV oncogenes in cervical cancer cells to treat the disease.
HPV are small non-enveloped double stranded DNA viruses encoding eight genes including the two oncogenes, E6 and E7, which are responsible for carcinogenesis and maintenance of cervical cancer [5, 6] . It has been demonstrated that the proliferation of human cervical cancer cells is dependent on E6 and E7 gene expression [7, 8] . These gene sequences can integrate into the host cell genomes and alter multiple intracellular signaling pathways to promote cell proliferation and decrease cell apoptosis [9] which are important for carcinogenesis and cancer progression [10] [11] [12] . Some signalling pathways altered by E6/E7 have been elucidated ( Figure 1 ) [8, 13] . E6 inactivates and degrades p53, which can cause cancer cell apoptosis in response to environmental stimulation [14] [15] [16] . E6 also binds to fas-associated protein with death domain (FADD) and caspase 8 to prevent apoptosis of HPV-infected cells [17] . E7 protein targets the pRb tumor suppressor pathway [18] . Both E6 and E7 can also activate PI3K/Akt pathway, a well-known survival pathway which plays a key role in many cancers including cervical cancer [19] [20] [21] [22] [23] [24] [25] [26] . The activation of this pathway is also associated with drug resistance to chemotherapy [27, 28] . It has been demonstrated that Rb and PP2A mediate E6/E7 in activating the PI3K/Akt pathway [18, 23, 29] . Inhibition of E6 and E7 has been used as a strategy to stop cervical tumor growth and increase treatment efficacy. At present, the 5 year survival rate after chemotherapy for advanced cervical cancer is 66-79%, and targeting E6/E7 may further improve therapeutic efficacy [30] . A range of small molecule inhibitors to prevent E6 binding to caspase 8 have been developed [31] . RNA interference has also been used to silence gene expression of E6 and this increased the sensitivity of siHa cells to the chemotherapeutic agent cisplatin [32] . The disadvantages of siRNA against E6 or E7 are the short half-life of siRNA in cells and also that some cells are not transfected. Lentiviral vectors have been used to deliver short-hairpin RNA (shRNA) which is more stable than siRNA [33] [34] [35] . We have used a shRNA delivered by a third-generation lentiviral vector to increase the efficacy of inhibition of E6 and E7. It can effectively transduce HeLa cells and cause apoptosis [36] . We have also used shRNA against both E6 and VEGF to increase the treatment effect and this dual shRNA construct has proved to be more effective for the treatment of cervical cancer than single shRNA or combination therapy with chemotherapeutic drugs [36] [37] . In this study, we used shRNA to target E6/E7 to examine its effect on the proliferation of cervical cancer cells in vitro. In addition, as lentiviral vectors have a strong capacity to transduce both dividing and non-dividing cells we decided to test its therapeutic value in cervical cancer by direct injection into the xenografted tumors. These results further support our previous findings, showing that lentiviral shRNA can be a promising approach for cervical cancer treatment, and that this new approach is more applicable to clinical settings.
Materials and methods

Cell culture
HeLa cells were purchased from ATCC (ATCC, CCL-2) and maintained in complete Dulbecco's Modified Eagles Medium (DMEM, Invitrogen, Australia) with 10% fetal calf serum and PSG antibiotic mix(100 U/ml penicillin, 100 μg/ml streptomycin, 2 mM L-glutamine; Gibco), at 37℃ and 5% CO 2 . HeLa cells were then seeded in T75 flasks, 24 or 6 well plates depending on the experiments performed.
Infection of lentiviral shRNA
The shRNA sequence, expression cassette and lentiviral vector construction was as previously described [36] . Briefly, the expression cassette was cloned into the XhoI and Hap I sites of pLentiLox3.7 transfer plasmid and other 3 packaging plasmids pRSVRev, pMDLgpRRE, and pMD.G (contains VSV.G gene) were used for 3rd generation lentiviral vector production.
HeLa cells were transduced in flasks or plates as described [36] . Briefly, HeLa cells were trypsinized and counted. Cells were seeded into flasks and plates the day before transduction. Lentiviral-shRNA was diluted in culture medium and one time dose (10 lentiviral particles/cell) was added to the cells [36] . After 48 hours the transduced cells were harvested for other assays. The effectiveness of shRNA was assessed by Western blotting as described in our previous study [36] .
Concentration of lentiviral shRNA
Lentiviral shRNA was produced by co-transfection of PLL3.7 containing shRNA against E6/E7 (18E6-1) and packing plasmids to 293T cells as previously reported [36] . The lentiviral shRNA supernatant was then concentrated by ultracentrifugation at 25,000 rpm for 2 hrs.
Xenograft tumor in mice and lentiviral shRNA injection
Female immuno-deficient RAG -/-mice were used and 5x10 5 HeLa cells were injected subcutaneously to establish the xeno-tranplant tumors. After the tumors reached a size suitable for shRNA injection at day 30, either lentiviral-shRNA (LV-18E6-1, 7.5x10 7 particles/10µl), PBS (10 µl) or lentiviral vector control (PLL, 7.5x10 7 particles/10µl) were injected into tumors. The injection was repeated once at day 60. The mice were sacrificed after 90 days and tumors were isolated and weighed.
Data analysis
The data obtained was expressed as mean ± SD. An unpaired student t-test was used to analyse the statistical differences and a P value less than 0.05 was regarded as significant.
Results
Effect of shRNA against E6/E7 on the growth of cervical cancer cell line HeLa In vitro
previous study [36] . In this study, we aimed to test the effect of shRNA against E6/E7 on cancer cell growth. In order to examine the effect of shRNA E6 on the growth of HeLa cells, 2000 cells of HeLa, HeLa-lentiviral control and HeLa-shRNA against E6/E7 were cultured in 6-well plates. Cell numbers were counted each day for four days. As shown in Figure 2 , shRNA against E6/E7 transfected cells grew more slowly than HeLa cells. At day 4 the difference is statistically significant (p<0.005). 
The effect of shRNA against E6/E7 in vivo
After the mice were sacrificed, tumors from each group were isolated and weighed. As shown in Figure 3 , the average weight of tumors in the mice in the shRNA E6/E7 injection group is 0.425g ± 0.076 and PBS injection group is 0.706g ± 0.096 ( Figure 3A) . The difference is significant (p<0.05). The size of tumours in mice injected with control lentiviral vector shRNA was not significantly different to those injected with PBS (0.699 ± 0.185). Sample tumors from shRNA, PBS and PLL injected mice are shown in Figure 3B . 
Discussion
Cervical cancer is the second most common cancer and the third most common cause of cancer deaths in women [38] .
Cervical cancer not able to be treated with surgery is treated with radiotherapy and chemotherapy. However, neither are satisfactory treatments and new approaches are needed. Targeting E6/E7 could be an effective new therapy as most cases of cervical cancer are caused by HPV16 and HPV18 and its E6/E7 oncogenes are necessary for cervical cancer initiation and progression [8] . These two oncogenes are integrated into the genome of host cells and their constant expression is required for the maintenance of cervical cancer cells. Therefore, it has been proposed that cervical cancer is addicted to E6 and E7 [39] . A recent study showed that E6 alone is not sufficient for maintenance of cervical cancer cell growth and continuous expression of E7 is also required [40] . Therefore, inhibition of E6/E7 and their altered signal pathways is a possible treatment of HPV-caused cervical cancer. Several studies have shown that inhibition of E6 and E7 can reverse change signalling of pRb and p53 by E6/E7 [41] [42] . In the present study, we demonstrated that shRNA against E6/E7 is able to inhibit the growth of the cervical cancer cell line HeLa cells in vitro.
In an animal model, we demonstrated that intra-tumor injection of shRNA against E6/E7 is effective in retarding the growth of xenograft cervical tumors. Several approaches have been used to deliver shRNA into tumors but efficient delivery is difficult [43] . Therefore, we used intra-tumour injection of lentiviral shRNA. Although we only injected in one point which may limit the diffusion of shRNA evenly to the tumor tissue we nevertheless significantly reduced tumour size. It suggests that shRNA could be used alone or combined with other therapeutic approaches as a possible treatment. A recent study has shown that intra-tumor injection of siRNA can also reduce the tumor size of xenografted cervical cancer [31] . The advantage of shRNA is that it has a longer half-life, more than two weeks in transfected cells, whilst siRNA's half-life is about 2 days in transfected cells and only a few minutes in vivo circulating system [37, 44] . In addition,
shRNA can also transfect both dividing and non-dividing cells with high efficiency.
Drug resistance to chemotherapy and radiotherapy in cervical cancer is a major issue, leading to treatment failure. It has been demonstrated that E6 and E7 are related to resistance to radiotherapy and inhibition of these two genes can increase treatment efficacy [45] .The most common chemotherapeutic agent for cervical cancer is cisplatin which has been used since 1985 [46] . It has been combined with other chemotherapeutic agents recently including paclitaxel, vinorelbine, gemcitabine and topotecan. E6 activated Akt pathway has been associated with cisplatin resistance [26] and it has been shown that treatment with siRNA against HPV18 E6 increased the sensitivity of the cells to some chemotherapeutic agents [42] .
Radiotherapy in cervical cancer is carried out by pelvic external-beam and intracavitary brachytherapy and remains a common treatment option. E6 and E7 have been shown to increase resistance to radiotherapy [45] . Targeted therapy against cervical cancer such as anti-EGFR, anti-angiogenesis and mTOR inhibition has been proposed and shRNA inhibition of E6 and E7 could be combined with these targeted therapies to increase efficacy. Zheng et al showed that ribozyme inhibited E6 and E7, resulted in increased sensitivity to chemotherapeutic agents and radiotherapy [47] . SiRNA against E6/E7 has also been shown to have a synergistic effect with cisplatin in causing apoptosis [48] . We have also shown that shRNA against E6/E7 has a synergistic effect with cisplatin in HeLa cells and HeLa stem cells [36] [37] . It will be interesting in future studies to characterise the combinational application of shRNA E6/E7 in an in vivo model of cervical cancer.
In summary, our present study showed that shRNA against E6/E7 can reduce HeLa cell proliferation. It is an addition to our previous study that this shRNA increased apoptosis. We also studied a new approach using intratumor injection to deliver shRNA and demonstrated it can reduce tumor growth in a xenograft model. Further studies are warranted to investigate the effectiveness of shRNA against E6/E7 in combination with other therapies.
